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I BACKGROUND OF THE INVENTION 

Field of the Invention 

[001] The present invention relates to a communication system, and more 
particularly, to a method for processing signal in communication system having plurality 
antennas. 
10 Background of the Related Art 

[002] In general, in a radio communication, a received signal includes a desired 
signal (hereafter called as 'original signal') as well as interferential signals, wherein there are 
in general a plurality of interferential signals for one original signal. Since an extent of a 
communication distortion caused by the interferential signals is fixed by a sum of an original 
15 signal power and all interferential signal powers, even if a level of the original signal is 
significantly higher than each of the levels of the interferential signals, the communication 
distortion may be occurred if a number of the interferential signals are great, to make a total 
power of the interferential signals great. FIG. 1 illustrates a related art method for forming a 
beam in an array antenna system. 

[003] Referring to FIG. 1, the related art array antenna system using method for 
CDMAfcode divi-ion multiple access) type radio link is provided with a frequency down 
converter 101 for converting a very high frequency signal received at an antenna to a base 
band signal, an analog to digital converter 102 for digitizing the base band signal, a first 
multiplier 103 for despreading the digital signal, an integrator 104, a second multiplier 105 for 
applying a weight vector to a desired signal to obtain a greater gain of the desired signal, a 
beam former 1 06 for spatial processing of the desired signal, and an array forwarder 1 07 for 
synthesizing, and forwarding the signals having the weight vectors applied thereto. 

[004] A related art method for forming a beam of the foregoing array antenna will 



t> be explained. 

[005] The frequency down converter 101 converts a signal received through each 
antenna element into a baseband analog signal, which is then digitized at the analog to digital 
converter 102. The first multiplier 103 and the integrator 104 despread the digitized signal 
and extract only a desired signal therefrom. The second multiplier 105 applies a weight 
10 vector to the extracted signal. The signals having the weight vectors applied thereto are 
synthesized at the array forwarder 107, and forwarded to a demodulator (not shown). The 
weight vector provided by the beam former 106, which renews the weight vector from output 
signals of the analog to digital converter 102 and output signals of the integrator 104. The 
output signals from the analog to digital converter 102 are high rate signals before being 
15 despread in a code the CDMA system knows already, and the output signals from the 
integrator 104 are low rate signals after being despread in a code the CDMA system knows 
already. 

[006] In the related art, an autocovariance matrix of signals sampled from the 
signals before being despread is calculated, an autocovariance matrix of signals sampled from 
20 the signal? after being despread is calculated, and the weight vector for the spatial processing 
is calculated from the matrices. 

[007] However, the adaptive algorithm for the adaptive array antenna in the related 
art requires altering a generalized eigenvalue problem to an eigenvalue problem of only one 
matrix. In the altering process, it is required to divide one of two matrices in the generalized 
5 eigenvalue problem into two matrices again by utilizing that the matrices in the generalized 
eigenvalue problem are 'positive definite' matrices, and to obtain inverse matrices of the two 
divided matrices, which is cumbersome, and not suitable for use as a real time adaptive array 
algorithm due to too much calculation required. 
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5 SUMMARY OF THE INVENTION 

[008J Accordingly, the present invention is directed to a method for processing a 
signal in an adaptive antenna array system and a device for the same that substantially 
obviates one or more of the problems due to limitations and disadvantages of the related art. 
[009} An object of the present invention is to provide a method for processing a 
10 signal in an adaptive antenna array system, which facilitates a real time application of an 
adaptive algorithm in an adaptive array antenna. 

[010] Other object of the present invention is to provide a method for processing a 
signal in an adaptive antenna array system, and a device for the same, which can improve a 
communication quality in an adaptive array antenna. 

[011] Another object of the present invention is to provide a method for processing a 
signal in an adaptive antenna array system, and a device for the same, which is simple and 
saves cost. 

[012] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent from the description, or may be 
lesrned by practice of the invention. The objectives and other advantages of the invention 
v/i'll be realized and attained by the structure particularly pointed out in the written description 
and claims hereof as well as the appended drawings. 

[013] To achieve these and other advantages and in accordance with the purpose of 
the present invention, as embodied and broadly described, there is provided a method for 
processing a signal in a communication system having a plurality of antennas, including the 
steps of (a) extracting a first signal mostly including a specific signal, and a second signal 
mostly including a signal other than the specific signal, from a signal received at the plurality 
of antennas, (b) calculating an autocovariance matrix of each of the first and second signals, 



5 (c) dividing at feast any ont of the calculated autocovariance matrices into a diagonal 
component and a non-diagonal component, to separate the matrix into matrices of the 
components, (d) calculating a weighted value for the specific signal by using the separated 
autocovariance matrices, and (e) applying the weighted value to a transmission, or reception 
signal related to the specific signal, and forwarding a signal having the weighted value 
10 applied thereto. 

[014J In other objection of the invention, the communication system is a CDMA 
type radio communication system, and the first signal is a signal the received signal is 
despread in a particular code. 

[015] The second signal is a signal before the received signal is despread in a 
15 particular code. 

[016] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 [017] The accompanying drawings, which are included to provide a further 

understanding of the invention and arc incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the description serve 
to explain the principles of the invention: 
In the drawings: 

FIG. 1 illustrates a related art array antenna system; 

FIG. 2 illustrates a flow chart showing an adaptive algorithm in accordance with a 
preferred embodiment of the present invention; and, 

FIG. 3 illustrates a flow chart showing an adaptive algorithm in accordance with 
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5 another preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[018] Reference will now be made in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings. 
FIRST EMBODIMENT 

10 [019] FIG. 2 illustrates a flow chart showing an adaptive algorithm in accordance 

with a preferred embodiment of the present invention. 

[020] As explained, the beam former 106 in the related art adaptive array antenna 
system in a CDMA system uses both the high rate signal before being despread, and the low 
rate signal after being despread by using known channel code, for renewal of the weight 
.5 vector. Also, an autocovariance matrix of signals sampled from the signals before being 
despread is calculated, an autocovariance matrix of signals sampled from the signals after 
being despread is calculated, and the weight vector for the spatial processing is calculated 
from the matrices. 

[021] ^xl is defined as a vector of signals received at antennas, and y_ is defined as a 
3 vector of the signals received at the antennas and despread in a known code. (S20). When 
Rxx is defined as the autocovariance matrix of the vector x, and Ryy is defined as the 
autocovariance matrix of the vector y, an equation for obtaining w, a weight vector having a 
complex gain to be applied to each antenna element, becomes a generalized Eigen value 
problem as shown in the following equation (1). (S21). 

Ryyw = A.Rxxw (1) 

[022] The autocovariance matrices Rxx, and Ryy can be estimated by the following 
equations (2), and (3), respectively. 

Rxx(k) = fRxx(k-l) + x(k)x H (k) (2) 



Ryy(k) = fRyy(k- 1 ) + v(k)v ! '(k) (3) 

Where, T denotes a forgetting factor having a value ranging '0'~ and 'H' is a 
Hermitian operator. 

[023] Though matrix division and inverse matrix calculation are carried out in the 
equation (1) for obtaining the related art weight vector, the present invention suggests to 
10 divide the autoco variance matrix Rxx into a diagonal matrix of diagonal elements, and a non- 
diagonal matrix of non-diagonal elements except the diagonal elements, as the following 
equation (4). (S22). 

Ryyw = X(Rxx D + Rxx°)w (4) 

Where, Rxx D denotes a matrix of diagonal elements of Rxx with the other elements 
15 being set '0', and Rxx 0 denotes a matrix of non-diagonal elements of Rxx with the diagonal 
elements being set '0'. The received signal vector x is a vector having a number of vector 
elements equal to, or less than a number of the antenna elements (or array). The 
autocovariance matrix Rxx or Ryy has a number of columns, or rows the same with a number 
of vector x elements of the received signal. 
20 [024] The equation (4) may be expressed in an equation (5), below. 

Ryyw - XRxx°w = XRxx D w (5) 

[025] An inverse matrix of Rxx D is multiplied to both sides of the equation (5), and 
re-arranged as follows. 

Though it is required to obtain the inverse matrix Rxx D in the present invention, since 
5 the inverse matrix Rxx D is a diagonal matrix, the inverse matrix can be calculated with easy as 
follows. (S23). 

For an example, if the inverse matrix Rxx D can be expressed as an equation (6), an 
inverse matrix of the diagonal matrix, equation (6), can be obtained with easy by using a 



characteristic of the inverse matrix. 
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[026] The equation (5) can be re-arranged as follows according to the equation (7). 

(Ryy - XRxx^RxxVw = Xw (8) 

[027] A greatest proper value X can be obtained from the equation (8) as follows. 



(S24). 



-(9) 



[028] Therefore, the weight vector w can be expressed as the following equation 



(10). 



-(10) 



In the equation (10), a number of elements of the calculated weight vector is the same 
with a number of columns, or rows of the autoco variance matrix Rxx or Ryy. 

[029] Because it is required that the weight vector w to be used in the adaptive array 
antenna is renewed continuously, and a moving object can be traced continuously under a 
mobile communication situation, the method for obtaining a weight vector w can be derived 
as an equation (11) from the equation (10). 



w(k + [) = 



x 



(ii) 



Where, 'k' denotes an index representing a time point at which a new weight vector is 
calculated at detecting a signal incident to the adaptive array antenna. Thus, by calculating a 
weight vector appropriate to a newly incident signal value, the present invention can provide 
an array antenna system adaptive to the incident signal value at the time point, i.e., every 
snapshot. That is, by setting any initial weight vector, and renewing the initial weight vector 
continuously according to the equation (1 1), a converged weight vector can be obtained. 

[030] By taking a complex inner product of the obtained weight vector and vector y, 
an array antenna output 'z' can be calculated as follows. (S26). 



[031] Referring to FIG. 3, the present invention suggests another method in which a 
signals received through the antennas are despread in a known code, the autocovariance 
matrix Ryy of the signal vector y is divided into a diagonal matrix and a non-diagonal matrix, 
and a weight vector is calculated by using the diagonal vector and the non-diagonal vector. 
SECOND EMBODIMENT 
[032] FIG. 3 illustrates a flow chart showing an adaptive algorithm in accordance 
with another preferred embodiment of the present invention. 

[033] Referring to FIG. 3, V is defined as a vector of signals received at antennas, 
and y is defined as a vector of the signals received at the antennas, and despread in a known 
code. (S30). When Rxx is defined as the autocovariance matrix of the vector x, and Ryy is 
defined as the autocovariance matrix of the vector y_, an equation for obtaining w, a weight 
vector having a complex gain to be applied to each antenna element, becomes a generalized 
Eigen value problem the same as the equation (1). (S31). In this instance too, the 



(12) 
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autocovariance matrices Rxx and Ryy can be predicted by the equations (2) and (3) in FIG. 2. 

[034J Though matrix division and inverse matrix calculation are carried out in the 
equation (1) for obtaining the related art weight vector, the another embodiment of the present 
invention suggests to divide the autocovariance matrix Ryy into a diagonal matrix of diagonal 
elements, and a non-diagonal matrix of non-diagonal elements except the diagonal elements, 
as the following equation (13). (S32). 

(Ryy D + Ryy°)w = XRxxw (13) 

Where, Ryy D denotes a matrix of diagonal elements of Ryy with all the other 
elements being set '0', and Ryy 0 denotes a matrix of non-diagonal elements of Ryy with the 
diagonal elements being set '0'. The received signal vector x is a vector having a number of 
vector elements .equal to, or less than a number of the antenna elements (or array). The 
autocovariance matrix Rxx or Ryy has a number of columns, or rows the same with a number 
of vector x elements of the received signal. 

[035] The equation (13) may be expressed as an equation (14), below. 

Ryy 0 W = AJRxxw - Ryy°w ( 1 4) 

[036] An inverse matrix of Ryy D is multiplied to both sides of the equation (14), and 
re-arranged as follows, to express the weight vector w expressed as an equation (15), below. 
(S33). 

[037] w = (XRxxw - Ryy°wXRyy D y 1 ( 1 5) 

Alike in the case of FIG. 2, a greatest proper value X in the equation (15) can be 
obtained from the equation (9). Alike in the case of the equation (15), a number of elements 
of calculated weight vector is the same with a number of columns, or rows of the 
autocovariance matrix Rxx or Ryy. 

[038] Because it is required that the weight vector w to be used in the adaptive array 
10 



5 antenna is renewed continuously, and a moving object car. be traced continuously under a 
mobile communication situation, the method for obtaining a weight vector w up to now can 
be expressed as the following equation (16) from the equation (15) and the greatest proper 
value X calculated according to the equation (9). 

w(k-H) = A.Rxxw(k)(Ryy D )- [ - Ryy 0 w(k)(Ryy D )-' (16) 

10 Where, 'k' denotes an index representing a time point at which a new weight vector is 

calculated at detecting a signal incident to the adaptive array antenna. Thus, by calculating a 
weight vector appropriate to a newly incident signal value, the present invention can provide 
an array antenna system adaptive to the incident signal value at the time point, i.e., every 
snapshot. That is, by setting any initial weight vector, and renewing the initial weight vector 
15 continuously according to the equation (16), a converged weight vector can be obtained. 

[039] By taking a complex inner product of the obtained weight vector and vector 
an array antenna output 'z' can be calculated as the same as the equation (12). 

[040] Thus, by carrying out the beam forming algorithm required for implementing 
an adaptive array antenna system in a CDMA system simply, the present invention can reduce 
20 an amount of calculation required for carrying out the beam forming algorithm. The present 
invention can produce a beam pattern of the adaptive array antenna 'n real time for full 
utilization of merits of the beam former which is required to trace moving objects under a 
mobile communication environment. Moreover, the application of the beam pattern (weight 
vector) renewed in real time can improve a communication quality. The application of a 
25 simple algorithm in implementation of the beam former made possible by the present 
invention permits to reduce a number of DSP, which saves cost. 

It will be apparent to those skilled in the art that various modifications and variations 
can be made in the method for processing a signal in an adaptive antenna array system and 
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the device for the same of the present invention without departing from the spirit or scope of 
the invention. Thus, it is intended that the present invention cover the modifications and 
variations of this invention provided they come within the scope of the appended claims and 
their equivalents. 
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